Curcuma mangga extract and its compounds were investigated for their anti-inflammatory mechanisms against nitric oxide (NO) and prostaglandin E 2 (PGE 2 ) release using RAW 264.7 cells. From bioassay-guided fractionation, demethoxycurcumin (1) was isolated from the chloroform fraction, whereas 15,16 bisnorlabda-8(17), 11-dien-13-one (2) and (E)-15,15diethoxylabda-8(17),12-dien-16-al (3) were from the n-hexane fraction. Bisdemethoxycurcumin (4), the structure of which is similar to that of 1, was also tested. Of the tested compounds, 3 exhibited the highest activity against NO release with an IC 50 value of 9.4 µM, followed by 1 (IC 50 = 12.1 µM), 4 (IC 50 = 16.9 µM) and 2 (IC 50 = 30.3 µM). For the effect on PGE 2 release, 1 possessed the highest activity (IC 50 = 4.5 μM, followed by 4 (IC 50 = 5.6 µM), 3 (IC 50 = 35.3 µM) and 2 (IC 50 = 42.5 µM). The mechanism at transcriptional level revealed that 1, 3 and 4 down-regulated the mRNA expressions of iNOS and COX-2 in a dose-dependent manner, whereas 2 had an effect only on iNOS mRNA. These results indicate that C. mangga and its compounds do exert anti-inflammatory activity. Moreover, this is the first report of the isolation of 3 from C. mangga rhizomes.
Nitric oxide (NO) synthesized by inducible nitric oxide synthase (iNOS) has been considered as an important mediator of inflammation [1] . NO has also been correlated with the inflammatory process that involves changes in local blood flow and increases in proinflammatory prostaglandins [2] . Increased production of prostaglandins during an inflammatory response is achieved by induction of cyclooxygenase [3] .
Curcuma mangga Val.& Zijp. is a perennial herb in the Zingiberaceae family, commonly known in Thailand as Kha-min-khao. Medicinally, the rhizomes have been used for womb healing and treatment of chest pain, fever and general debility. It was reported that compounds from C. mangga showed high cytotoxicity against a panel of human tumor cell lines such as human leukemia (HL-60), breast cancer (MCF-7) and liver cancer (HepG2) [4] . Moreover, ethanol (EtOH) and water extracts of C. mangga also possessed anti-allergic activity [5] . Since the EtOH extract of C. mangga rhizomes possessed an appreciable anti-inflammatory effect on carrageenan-induced rat paw edema [6] and showed a potent NO inhibitory effect (IC 50 = 11.8 μg/mL), the present study aimed to investigate the active principles from this plant against NO and PGE 2 release as well as their anti-inflammatory mechanisms at the transcriptional level using RAW 264.7 cells.
The EtOH extract, and n-hexane-, chloroform-, ethyl acetate-and water fractions of C. mangga rhizomes were examined for their inhibitory effects against LPSinduced NO production in a RAW 264.7 cell line. Among the tested samples, the chloroform fraction exhibited the most potent inhibitory activity with an IC 50 value of 2.1 µg/mL, followed by the n-hexane (IC 50 = 3.8 µg/mL), EtOAc (IC 50 = 23.5 µg/mL) and water fractions (IC 50 > 100 µg/mL), respectively (Table1). From bioassay-guided fractionation, demethoxycurcumin (1) was isolated from the chloroform fraction, whereas 15,16 bisnorlabda-8(17), 11-dien-13-one (2) and (E)-15,15-diethoxylabda-8(17),12-dien-16-al (3) were obtained from the n-hexane fraction. Bisdemethoxycurcumin (4), the structure of which is similar to that of 1, was also tested for NO and PGE 2 inhibitory activities ( Figure 1 ). This compound was found in small amount in C. mangga rhizomes. Therefore, it was isolated from the rhizomes of C. longa for further testing. Of the tested compounds, 3 exhibited the highest activity against release of NO with an IC 50 value of 9.4 µM, followed by 1 (IC 50 = 12.1 µM), 4 (IC 50 = 16.9 µM) and 2 (IC 50 = 30.3 µM). Compounds 1 and 3 possessed higher activity than indomethacin, a positive control (IC 50 = 14.5 µM) ( Table 2) . For the effect on PGE 2 release, demethoxycurcumin (1) possessed the highest activity with an IC 50 value of 4.5 μM, followed by 4 (IC 50 = 5.6 µM), 3 (IC 50 = 35.3 µM) and 2 (IC 50 = 42.5 µM), respectively; whereas that of indomethacin was found to be 0.4 μM ( Table 3 ). The effects at the transcriptional level indicated that 1, 3 and 4 down-regulated the mRNA expressions of iNOS and COX-2 genes in a dose-dependent manner, whereas 2 inhibited only iNOS mRNA ( Figure 2 ). This result reveals that 2 may inhibit PGE 2 production via down regulation of COX-2 protein synthesis, the process of translation.
With regard to the active constituents of C. mangga, compounds 2 and 3 were first isolated from the rhizomes of Alpinia speciosa and Aframomum sceptrum, respectively [7] [8] [9] . Moreover, 2 was first isolated from C. mangga rhizomes by our group [10] .
Recently, it has been reported that Curcuma species exhibit several biological activities. In 2008, Wang and Anti-inflammatory compounds from Curcuma mangga Natural Product Communications Vol. 5 (10) 2010 1549 co-workers isolated sesquiterpenes and curcuminoids from the root tuber of Curcuma wenyujin. It was found that gweicurculactone and curcuminoids possessed strong cytotoxicity against HL-60, HepG2, K562, KB and MCF-7 cell lines [11] . The methanol extract of Curcuma longa rhizomes was reported to inhibit mushroom tyrosinase activity in B16 mouse melanoma cells and its active compounds were curcuminoids [12] . Curcumin, a diarylheptanoid isolated from Curcuma species was found to exert interested biological effects, including anti-inflammatory, anti-cancer, anti-oxidant, anti-angiogenic, anti-spasmodic, anti-microbial and anti-parasitic activities [13] .
In conclusion, the present study indicates that C. mangga and its compounds possess anti-inflammatory activity through the inhibition of NO and PGE 2 release and has the potential to be developed as a nutraceutical and anti-inflammatory agent. Furthermore, this is the first report of 3, a diterpene derivative isolated from C. mangga rhizomes.
Experimental
Reagents: Lipopolysaccharide (LPS, from Escherichia coli), RPMI-1640 medium, 3-(4,5-dimethyl-2thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT), indomethacin and phosphate buffer saline (PBS) were purchased from Sigma Aldrich (Sigma Aldrich, Missouri, USA). Fetal calf serum (FCS) was bought from Gibco (Invitrogen, California, USA). Penicillinstreptomycin was purchased from Invitrogen (Invitrogen, California, USA). 96-Well microplates were obtained from Nunc (Nunc, Birkrød, Denmark), and ELISA test kits for PGE 2 from R&D systems (R&D systems, Minnesota, USA). Other chemicals were from Sigma Aldrich (Sigma-Aldrich, Missouri, USA).
Isolation of compounds from Curcuma mangga extract:
The dried powder of Curcuma mangga rhizomes (1.8 kg) was extracted 3 times (6 L, each) with EtOH at room temperature. The EtOH extract (309.4 g) was successively partitioned to obtain n-hexane (176.5 g), chloroform (39.1 g), EtOAc (2.5 g) and water fractions (91.1g), respectively. The chloroform fraction (12 g) was then chromatographed on silica gel (200 g) using n-hexane, n-hexane/chloroform and chloroform/methanol to afford 10 fractions (A-J). Fraction G (50 mg) was separated by reversed-phase HPLC, using an isocratic method with a flow rate of 2 mL/min. The mobile phase consisted of 70% methanol in water and was monitored at 254 nm using a C18 column (∅10 mm, 250 mm), which finally afforded 6 subfractions (A-F). Repeated CC of subfraction F (10 mg) on Sephadex LH-20 (10% chloroform in methanol) obtained demethoxycurcumin (1) (orange powder, 2 mg).
The n-hexane fraction (80 g) was chromatographed on silica gel (1,500 g). The column was eluted with n-hexane/EtOAc (98:2 to EtOAc 100%; 15 L) to afford eleven fractions (A-K). Fraction D (1.75 g) was subjected to CC on silica gel (100 g) eluted with n-hexane/EtOAc (98:2 to EtOAc 100%; 2 L) to give 10 subfractions (A-J). Further CC of subfraction E (160 mg) on silica gel (140 g) using n-hexane/ dichloromethane (1:1, 800 mL) afforded 7 fractions (E1-E7). Fraction E6 (45 mg) was separated by reversed-phase HPLC using an isocratic method (90% methanol in water) with a flow rate of 3 mL/min, to obtain finally 15,16 bisnorlabda-8(17),11-dien-13-one (2) (white solid, 21 mg).
Fraction H (1.3 g) was then chromatographed on silica gel (80 g) by vacuum liquid chromatography. The column was eluted with n-hexane, n-hexane/EtOAc, followed by EtOAc/methanol to afford 8 subfractions (A-H). Subfraction B (50 mg) was separated by reversed-phase HPLC, using an isocratic method (100% methanol) with a flow rate of 2 mL/min, to afford 6 fractions (B1-B6). Repeated CC of fraction B4 (19 mg) using Sephadex LH-20 (10% chloroform in methanol) obtained (E)-15,15-diethoxylabda-8(17),12-dien-16-al (3) (amorphous powder, 13 mg).
The EtOH extract of C. longa rhizomes (500 mg) was then chromatographed on silica gel (120 g). The column was eluted with chloroform to afford bisdemethoxycurcumin (4) (yellow powder, 6 mg). The structures of compounds 1-4 were elucidated using spectroscopic techniques and by comparison with reported spectral data [7] [8] [9] .
Inhibitory effects on LPS-induced NO and PGE 2 release using RAW264.7 cells:
The inhibitory effects on NO and PGE 2 release using RAW264.7 cells were evaluated according to a modified method previously reported [14] .
Total RNA isolation and RT-PCR:
Total RNA isolation and RT-PCR were determined using the method described in the previous report [15] .
Statistical analysis:
The results were expressed as a mean ± S.E.M of 4 determinations for each sample. The IC 50 values were calculated using the Microsoft Excel program. Statistical significance was calculated by one-way analysis of variance (ANOVA), followed by the Dunnett's test.
